ABSTRACT
INTRODUCTION
The traditional gold standard for diagnosis of tubal ectopic pregnancy (EP) is direct visualization of an adnexal mass, usually at laparoscopy, followed by histological confirmation after salpingectomy or linear salpingotomy [1] [2] [3] . The introduction of high-resolution transvaginal sonography (TVS) to modern practice has allowed earlier diagnosis of EP and TVS is now widely accepted as the modern gold standard for diagnosing EP, both tubal and non-tubal 4 . EPs manifest in various morphological forms when assessed using ultrasound; these include an adnexal mass which is clearly not part of the ipsilateral ovary or the uterus and appears either as an inhomogeneous mass ('blob' sign, 58% of cases) or as containing an empty gestational sac ('bagel' sign, 21% of cases) or an embryonic pole with a measurable crown-rump length, with or without cardiac beat (13% of cases) [4] [5] [6] . Historically, in North America, the most stringent sonographic criteria for the diagnosis of EP have been used for classification before intervening, i.e. either a living extrauterine pregnancy or an extrauterine gestational sac containing yolk sac or embryo 5, 7 . In 2011, these strict criteria were adopted, in a multinational consensus statement on nomenclature and definitions, to define a definite EP using TVS. It was also agreed that bagel or blob sign seen on TVS should be used when classifying a probable EP 8 .
In experienced hands, the ability to diagnose EP using TVS at an early stage in its natural history, primarily before tubal rupture occurs, has allowed us to offer non-surgical management strategies 9, 10 . For this reason, final histological confirmation is not always possible and, consequently, determination of the success of treatment of EP in these women is based upon their serum human chorionic gonadotropin (hCG) falling to an undetectable level [11] [12] [13] [14] . According to published guidelines, a live extrauterine pregnancy is a contraindication to both expectant and medical management strategies 5, 15 . This means that the sonographic morphological types of EP which are eligible for non-surgical management strategies include both the blob and bagel signs. As per the statement of Barnhart et al. 8 , these are considered to indicate probable EP and therefore one can assume that EPs diagnosed with blob or bagel sign are being selected for either methotrexate injection or a 'wait-and-watch' approach. Clinician uncertainty around the interpretation of the term 'probable EP' on ultrasound reports has the potential to cause harm, especially when administering methotrexate. In this study, we aim to assess whether probable EP (i.e. blob and bagel signs on TVS) should be reclassified as definite EP.
METHODS
This was a retrospective study of consecutive women who underwent TVS having presented at the Early Pregnancy Unit (EPU) at Nepean Hospital, Sydney, Australia between November 2006 and June 2016. Women either self-referred or were referred by their general practitioner or the hospital's Emergency Department.
TVS was performed by a clinical fellow using a Medison X8 or Medison Accuvix V20 Prestige (Samsung Medison, Seoul, South Korea) ultrasound system, equipped with a 4-9-MHz transvaginal probe. These observers were not blinded to the clinical background or biochemical results of the women. The TVS results were overseen by the lead consultant (G.C.). Women were included in this study if, at primary TVS, either a probable EP or a pregnancy of unknown location (PUL) was identified. Probable EP was defined using Barnhart et al.' s TVS consensus definition 8 : (i) an inhomogeneous mass (blob sign) adjacent to the ovary and moving independently of it; or (ii) a mass with a hyperechoic ring around the gestational sac (bagel sign) (Figure 1a,b) . PUL was also defined, against a background of positive hCG, using Barnhart et al.' s TVS definition 8 : no signs of intra-or extrauterine pregnancy. We considered eligible for inclusion those women with a comprehensive history, clinical examination and quantitative hCG levels recorded.
Women were excluded from the study if, at initial TVS, findings suggested an intrauterine pregnancy (IUP), definite tubal EP or non-tubal EP. According to Barnhart et al.' s TVS consensus definition 8 , IUP was defined as intrauterine gestational sac with yolk sac and/or embryo, with or without cardiac activity present, and definite EP as extrauterine gestational sac with yolk sac and/or embryo, with or without cardiac activity (Figure 1c,d ). Non-tubal EP was defined as ectopic mass visualized in one of the following anatomical locations: interstitium, cervix, ovary or previous Cesarean section scar 16 . Women with a PUL were followed up by repeat TVS and quantitative hCG analysis until a final diagnosis was reached, as per the EPU protocol ( Figure 2 ). Women with blob or bagel sign detected by initial or subsequent follow-up scan were managed, at the clinician's discretion, either non-surgically or surgically. Cases managed surgically underwent laparoscopy and, if a mass was seen, salpingectomy was then performed, with histopathological confirmation of EP. Those with negative laparoscopy (no mass) did not undergo salpingectomy.
The gold standard for the diagnosis of tubal EP was histopathological confirmation of chorionic villi in the removed Fallopian tube ( Figure 3 ). The pathologist was blinded to the preoperative ultrasound findings. Those women with a TVS diagnosis of EP who were managed non-surgically were excluded from the final analysis as there was no confirmatory histology of chorionic villi within the Fallopian tube. It should be noted that those women initially managed non-surgically who subsequently required surgery (i.e. failed conservative management) were included in the final analysis as there was histopathological confirmation of chorionic villi within the Fallopian tube.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics software version 23 (IBM Corp., Armonk, NY, USA). We evaluated, in terms of sensitivity, specificity, positive and negative predictive values and positive and negative likelihood ratios, the performance of blob and bagel TVS signs as well as the performance of gestational sac with yolk sac and/or embryo, with or without cardiac activity, on TVS, in the prediction of histologically confirmed definite tubal EP. 95% CIs were calculated. P < 0.05 was considered statistically significant. Figure 2 Flowchart summarizing management of pregnancies of unknown location (PUL). EP, ectopic pregnancy (adnexal mass separate from ipsilateral ovary, in form of inhomogeneous mass ('blob' sign), gestational sac ('bagel' sign) or gestational sac containing embryonic pole with or without cardiac activity); hCG, human chorionic gonadotropin; IPUV, intrauterine pregnancy of uncertain viability (gestational sac with mean diameter < 25 mm or intrauterine gestational sac containing embryonic pole with crown-rump length (CRL) < 7 mm with no embryonic cardiac activity visualized); non-viable IUP, non-viable intrauterine pregnancy (embryo with CRL ≥ 7 mm without demonstrable cardiac activity on first scan; or embryo with CRL < 7 mm with no demonstrable cardiac activity at first scan and still no embryonic cardiac activity at second scan 7 days later; or absence of embryo/yolk sac in gestational sac with mean diameter < 25 mm with no growth at ultrasound follow-up); TVS, transvaginal sonography; VIUP, viable intrauterine pregnancy (presence of embryo with visible cardiac activity). Figure 4 . Table 2 demonstrates the performance of the blob and bagel signs on TVS in the detection of EP in women who underwent surgery. Table 3 demonstrates the performance of gestational sac with yolk sac and/or embryo ('definite EP', as defined by Barnhart et al. 8 ) on TVS to detect EP in women who underwent surgery. Although the performance of gestational sac with yolk sac and/or embryo on TVS to detect EP was marginally better than that of blob or bagel sign, this difference was not statistically significant (P = 0.5). Table 4 gives details of the five cases with EP or PUL on TVS which were negative at laparoscopy/histology. It is important to emphasize that, in our series, none of the cases with blob or bagel sign noted on initial TVS was later found to be a viable IUP.
RESULTS

During
DISCUSSION
Our study has demonstrated that blob or bagel sign on TVS, suggestive of probable tubal EP according to the Barnhart consensus 8 , correlates well with subsequent histological findings at salpingectomy. Importantly, the test performance of these ultrasound markers for the prediction of EP was comparable to that of a gestational sac containing yolk sac and/or embryo on TVS, suggestive of definite EP according to the Barnhart consensus
The greatest limitation of this study is that not all women classified as having a blob or bagel sign were treated surgically and therefore they were not subject to the same laparoscopic/histological reference standard (101/198 (51%) of cases with blob sign and 50/85 (59%) cases with bagel sign underwent surgery). We also acknowledge that not all subjects in the PUL group underwent laparoscopy. Although using this approach on all women with a PUL in this study would have provided a definitive diagnosis, it is difficult to justify doing so on ethical grounds. Laparoscopy is invasive and not without risks; its use cannot be condoned in the clinical situation in which pregnant women are not only clinically stable but also relatively asymptomatic. As the vast majority of PULs are non-EPs [17] [18] [19] , non-invasive diagnostic techniques, including serum hormone measurements and TVS, were used for all three groups 1 . Although laparoscopy is accepted as the gold standard for treatment and diagnosis of tubal EP, it has limitations. It does not confer 100% sensitivity: some early ongoing EPs are too small to be visualized at the time of laparoscopy, i.e. giving false-negative laparoscopic results, and a proportion of EPs are self-limiting and never seen 20 . The results from our study may not be applicable generally to other units. Our EPU is a highly specialized center in which ultrasound examinations are performed by experienced operators, and therefore our rates of PUL (8.9%) and EP (7.7%) within our PUL population are at the lower end of the spectrum when compared with other published units 21 . Nevertheless, our results reaffirm the importance of examining thoroughly the adnexal regions, not only for definite EPs but also for blob or bagel signs. Table 1 Descriptive statistics of study population of women presenting at early pregnancy unit with probable ectopic pregnancy (EP) or pregnancy of unknown location (PUL) at first transvaginal ultrasound examination 7  75  96  34  53  214  36  15  Pain  8  79  93  43  85  302  38  21 Data given as n or mean ± SD. *Comparison between EP and PUL groups. FPUL, failed PUL; hCG at 0 h, human chorionic gonadotropin at presentation; GA, gestational age; IUP, intrauterine pregnancy; MA, maternal age; PPUL, persistent PUL.
We feel that the distinction between a definite and a probable EP is quite relevant, as it may have an impact on management. Women classified with a probable EP may well be more likely to undergo additional diagnostic testing in the form of endometrial curettage to rule out intrauterine chorionic villi. In the USA this is not an uncommon approach 7 . However, endometrial curettage is a procedure that carries risk of morbidity that should not be overlooked, not least because a potentially viable IUP could be terminated inadvertently 22 . It could be that the perceived lack of certainty on diagnosis of EP Table 2 Diagnostic performance of 'blob' sign (n = 101) and 'bagel' sign (n = 50) on transvaginal ultrasound (TVS) in prediction of definite tubal ectopic pregnancy (EP) in cases managed surgically Values in parentheses are 95% CI. True positives were those blob or bagel signs seen on TVS which were confirmed histologically following laparoscopy; false positives were those signs seen on TVS which had negative laparoscopy; true negatives were those classified as pregnancy of unknown location (PUL) at first TVS which were subsequently identified as failing PUL or intrauterine pregnancy; false negatives were those classified as PUL subsequently shown to have blob or bagel sign. LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value. Values in parentheses are 95% CI. *'Definite EP' on TVS defined as extrauterine gestational sac with yolk sac and/or embryo, with or without cardiac activity 8 . †For purposes of calculation, 0.5 added to all values. GS, gestational sac; LR+, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value. at TVS, when a report states 'probable EP', is one of the reasons for this practice in the USA. The difference in reporting definite as opposed to probable EP can also have an impact on research and global population health statistics, an issue that was raised in the consensus statement of 2011 8 . However, researchers in other parts of the world are still considering tubal EP diagnosed with blob or bagel ultrasound signs as definite EP 4, [23] [24] [25] .
The potential reclassification of blob and bagel signs on TVS (in experienced hands) to definite EP could improve interpretation of reports by clinicians on the front line of management. This lowering of the threshold, to include not only extrauterine gestational sacs with yolk sac and/or embryo with or without cardiac activity but also more subtle morphological forms of EP at the initial TVS, may also give clinicians the confidence to make definitive management decisions, thus averting any potential delay and subsequent potential morbidity/mortality 26, 27 . In conclusion, blob and bagel signs are the most common presentations of a tubal EP on TVS and, even though they cannot be considered as a definitive sign of EP, the PPV is very high (> 95%); such women, therefore, should be considered at very high risk for having an EP and should be treated as such. However, these findings apply only to highly specialized centers with ultrasound expertise. It is quite possible for a non-experienced observer to misdiagnose a corpus luteum as being a blob sign in a very early pregnancy, and it must be emphasized that such a conclusion might lead to erroneous use of methotrexate in a viable IUP. It is thus premature to conclude that blob and bagel signs have the same value as an image of an EP with cardiac activity, and further multicenter studies with larger numbers are needed.
